Heterocyclic oxime ethers play a significant role in organisms due to their biological activity. Lipophilicity is an important parameter that may affect biological activity of the compounds 1-(benzofuran-2-yl)ethan-1-one oxime and its nine biologically active ethers. The relationship between the structure and lipophilicity parameters (log k w values) of the ten compounds is here described. Reversed phase high performance liquid chromatography (RP-HPLC) method was used having methanol, 2-propanol and acetonitrile as organic modifiers of the mobile phases. Both experimental (log k w ) and calculated (log P) parameters showed to be strongly positively correlated. The weakest correlation with all the data was for the log k w methanol. For all of analyzed compounds, log k w values are smaller than 5 (except for analyses carried out in methanol), and this result corresponds to the Lipinski's rule in the range of lipophilicity. Therefore, in the case of their use as drugs, they will be probably active after oral application.
Introduction
Heterocyclic compounds represent a very broad class of organic compounds essential in chemistry, pharmacy and chemical industries. 1 The heterocyclic systems are part of many drugs and determine their activity. 2 Benzofuran ring is one of the basic oxygen heterocyclic rings. Many benzofuran derivatives are compounds having diverse biological activity, inter alia: antihyperglycemic, analgesic, anti-inflammatory, antimicrobial, antitumor, antidiabetic, antidepressant and others. 3, 4 Oxime ethers are interesting compounds due to their diverse biological activities. The compounds exhibit anticancer, 5 anticonvulsant, 6 antimicrobial, 7 antiparasitic 8 and acaricidal 9 activities. The most popular compound that contains oxime ether group is an oxiconazole ( Figure 1 ). Oxiconazole is an effective antifungal drug used in treatment of mycosis. Benzofuran oximes and oxime ethers, for example (3-methyl-benzofuran-2-yl) ketoximes 10 and benzyl oxime ether dinaphtho [2,1-b] furan-2-yl-methanone, have the high antimicrobial activity.
11
Some oxime ethers of bisbenzofuran-2-yl-methanone also exhibit specific antimicrobial activities. 12 In our study, we combined benzofuran ring with oxime ether moiety. We supposed the resulting benzyl oxime ethers of 2-acetylobenzofuran may have high antimicrobial activity. The oxime ethers obtained by us that contained the benzofuran system and O-benzyl substituents (as in an oxiconazole) displayed significant antimicrobial activity. 13 The transport of substances through the lipid membranes is the first step of evaluating their usefulness as a drug. Therefore, the products of organic synthesis, in addition to the defined biological activity, should be tested to determine the solubility in the lipid phase. Lipophilicity, which describes the solubility of the drugs in lipids, is the most important parameter to expect biological activity of the compound. It is expressed as a partition coefficient in octanol/water system (P) or, more often, its decimal logarithm (log P). The higher the partition coefficient P, the higher similarity of the drug to the lipid membranes and better resorption.
14 The Lipinski's rule-of-five (which describes molecular properties important for drug pharmacokinetics in the human body) says that log P of a orally active drug is equal or smaller than 5. 15 One method of determination of lipophilicity is based on chromatography. Most often, reversed phase high performance liquid chromatography (RP-HPLC) and reversed phase thin layer chromatography (RP-TLC) techniques are used because are simple to implement and provide accurate results. 16 In the present work, we determined chromatographically lipophilicity parameters of oxime of 1-(benzofuran-2-yl) ethan-1-one and its nine antimicrobial active heterocyclic ethers using RP-HPLC methods and compared them with computed log P values. In our previous work, 13 we reported the synthesis of the series of the novel heterocyclic oxime ethers (2-10) via the reaction of oxime 1 with substituted benzyl bromides and potassium carbonate in acetone with high yields.
Experimental
The oxime 1 and oxime ethers (2-10) were synthesized according to publication (Table 1) . 8 Lipophilicity parameters were determined by chomatographic method, using RP-HPLC as follow. 17, 18 Reversed-phase HPLC
The HPLC experiments were performed on the Shimadzu HPLC system (Japan) equipped with solvent delivery pump LC-20AD, UV-Vis detector model SPD-20A, degasser model DGU-20A5, a column oven model CTO-20A, and a column Superspher ® 100 RP-18 (4 μm) (Merck, Germany). Mobile phase methanol/water, 2-propanol/water and acetonitrile/water varied in the ratios. The solvents were methanol, 2-propanol, acetonitrile and water for HPLC from POCH (Poland). Organic modifier concentrations (expressed as volume fraction v v ). Sample injection volume was 10 μL. The time for dead volume (t M ) was measured by uracil. The capacity factor (k) was calculated by relationship:
where t R is retention time and t M time for dead volume.
The linear relationship between log k values and the concentration of the organic modifier in the mobile phase were calculated by relationship: (2) where log k w value is extrapolated to zero organic modifier concentration, φ is organic modifier concentration in the mobile phase (in volume fraction v v -1 ), S is the slope of 
Results and Discussion
The log k w lipophilicity parameters were determined for 1-(benzofuran-2-yl)ethan-1-one oxime 1 and its nine potentially active ethers 2-10 of the structure in Figure 2 . Methanol, isopropanol and acetonitrile were the organic modifiers.
The linear dependence between log k values and concentration of organic modifier in the eluent was observed. High values of coefficients of determination (R 2 = 0.938-0.998) were observed for all organic modifiers in a wide range of organic solvents concentration in mobile phase. The exception was the compound 1 in acetonitrile (R 2 = 0.860). The lipophilicity parameters log k w were determined by extrapolation, and φ 0 parameters by interpolation (Table 1) .
For the examined compounds, the log k w values were lowest using isopropanol as the organic modifier and the highest values in methanol/water system. The exception was compound 9 for which the highest value log k w was obtained in acetonitrile/water system ( Figure 3) .
The lowest value of log k w was observed for oxime 1 (log k w < 2.5), which means that it is the most hydrophilic compound. The presence of OH group in the molecule of oxime was indicated for this. The substitution of a hydrogen atom in the oxime OH group by the substituted benzyl group increased the log k w parameter. The presence of substituents at the 4-position of the aromatic ring (compounds 3, 5, 6 and 9) increased the log k w values in a number: CH 3 < Cl < Br < CF 3 ; wherein the differences in the values were insignificant. Introducing an additional substituent to the aromatic ring increased the value of log k w . The significant increase of the log k w parameter was observed for the compound 7 with two chlorine atoms in the positions 2 and 4 of the aromatic ring and for the compound 2 with fluorine atom in the position 2 and bromine atom in the position 4 of the aromatic ring. The presence of two fluorine atoms at position 2 and 6 of the aromatic ring (compound 8) does not significantly affect the log k w values in comparison with a molecule containing one fluorine atom in the position 2 (compound 4).
Relative lipophilicity log k w values were compared with log P values, calculated by computational methods using VCCLAB software 20 (Table 2 ). Experimental and calculated log P values were used for In HCA, the Euclidian distance was selected as a measure of dissimilarity among the variables, and the Ward's method was used to define the distances among clusters (Figure 4 ). Data were grouped in the matrix and analyzed using PCA, based on the covariance matrix.
In the analysis, two factors were isolated and correspond to 97.22% of all the variables (PC1-87.53%, PC2-9.69%) ( Figure 5) . Additionally, the correlation matrix was made for log k w , miLogP, XLOGP2, XLOGP3, ALGPS, MLOGP and AC logP (Tables 3 and 4) .
PCA and correlation studies clearly show all data are strongly positively correlated. The analyses showed that all obtained results are similar. However, the weakest correlation with all the data shows log k w in methanol.
Conclusions
In conclusion, lipophilicity parameters log k w for the 1-(benzofuran-2-yl)ethan-1-one oxime and its nine biological active ethers using reversed phase HPLC method was determined. The values were compared with log P values calculated by computing programs. Both experimental and calculated parameters are strongly positively correlated. The analyses showed that all obtained results are similar. However, the weakest correlation with all the data shows log k w methanol. For all of analyzed compounds, log k w values are < 5 in the case of using acetonitrile, and isopropanol as an organic modifier which corresponds to the Lipinski's rule in the range of lipophilicity. Not much higher than 5 log k w values obtained in the case of use of methanol indicate that the analyzed compounds are not lipophilic enough to impede their migration through the biological membranes. Therefore, we think that in the case of their use as drugs, the compounds will be active after oral application. log k w : lipophilicity parameter; log k w is log k value extrapolated to zero organic modifier concentration; miLogP, XLOGP2, XLOGP3, ALOGPS, MLOGP, AC logP are log P values calculated by computing programs. log k w : lipophilicity parameter; log k w is log k value extrapolated to zero organic modifier concentration; miLogP, XLOGP2, XLOGP3, ALOGPS, MLOGP, AC logP are log P values calculated by computing programs.
